This prospective randomized controlled trial examined the effect of an "alveolar recruitment strategy" (ARS) in healthy patients having laparoscopic cholecystectomy.
Airway closure and atelectasis are major causes of impaired gas exchange during general anaesthesia (GA) 1, 2 . Atelectasis causes increased pulmonary shunting, leading to impairment of oxygenation. In a study by Rothen and colleagues, these factors contributed up to 75% of the deterioration in arterial oxygen tension (P a O 2 ) 2 .
The impairment of oxygenation may not be corrected by simply increasing the inspired oxygen fraction (FiO 2 ) since the administration of high inspired oxygen concentrations may cause a more rapid recurrence of atelectasis 3 . It has been suggested that other ventilation strategies may be required to reverse atelectasis during GA [4] [5] [6] . Inflation of the lungs to vital capacity during GA has been shown to re-expand atelectatic lung 7, 8 . However, except when an airoxygen mixture was used, the reduction in atelectasis was found to be short-lived 9 . The addition of positive end-expiratory pressure (PEEP) after the hyperinflation may further reduce the amount of atelectasis 5, 6 . PEEP maintains the re-expanded lung area available for gas exchange and reduces abnormalities in arterial oxygenation. Recruitment manoeuvres have been studied in critically ill patients with acute respiratory distress syndrome (ARDS) [10] [11] [12] [13] . These techniques have been shown to be effective in the prevention and management of ARDS and respiratory failure. Experimental and clinical studies show that techniques using the open lung approach provide marked improvements in gas exchange in such cases.
Tusman 6 found that a ventilation strategy was beneficial for patients under GA. However, the patient sample consisted mainly of healthy subjects undergoing surgery that was not likely to cause atelectasis.
We wished to evaluate the effects of an alveolar recruitment strategy (ARS) on patients who were more prone to atelectasis, namely having laparoscopic cholecystectomy under GA. Although respiratory function after laparoscopic cholecystectomy is less affected than after open cholecystectomy, impairment in respiratory function is still present and can be significant [14] [15] [16] [17] [18] [19] . We hypothesized that an alveolar recruitment strategy would improve respiratory function during surgery by reducing atelectasis and shunt, thus reducing ventilation-perfusion mismatch and improving arterial oxygenation.
MATERIALS AND METHODS
The study was approved by our institutional Research Ethics Committee. After obtaining written informed consent, 24 consecutive ASA 1 or 2 patients, aged between 16 and 70 years and scheduled for elective laparoscopic cholecystectomy, were enrolled. Patients with pre-existing cardiac and respiratory disease requiring treatment, history of spontaneous pneumothorax and evidence of haemodynamic insufficiency were excluded. The sample size was estimated using the P a O 2 values [16.70 (2.99)] from a pilot study of ten patients undergoing laparoscopic cholecystectomy. We calculated that 24 patients were required to detect a 30% difference in mean P a O 2 , with a power of 0.9 and α of 0.01.
In this study, alveolar recruitment strategy (ARS) refers to a technique involving manual ventilation to a peak pressure of 40 cmH 2 O for 10 breaths over one minute followed by 5 cmH 2 O PEEP.
No premedication was prescribed. Patients were randomized to one of two groups, using shuffled envelopes on arrival at the operating suite. Prior to induction, a 22 gauge radial arterial line was inserted into the non-dominant hand to permit blood gas sampling and continuous blood pressure monitoring. Normal saline was infused intravenously at 100 ml/h and patients were pre-oxygenated with 100% O 2 for three minutes. Anaesthesia was induced with fentanyl 2 µg/kg, thiopentone 4 mg/kg and rocuronium 0.6 mg/kg. All patients were initially manually ventilated up to an inflation pressure of 25 to 30 cmH 2 O or a tidal volume of 10 ml/kg body weight for two minutes with 0.5% isoflurane in 65% nitrous oxideoxygen mixture, and managed with the protocol of the allocated group immediately after tracheal intubation.
Group 1 (control) patients were immediately connected to a Narkomed 4 (Dräger, Germany) anaesthesia workstation using a circle system with a bacterial filter (DAF 9000, Fairmont, Australia). They were ventilated with standardized ventilation settings of volume control mode, expiratory tidal volume of 10 ml/kg, zero PEEP, maximum peak airway pressure 40 cmH 2 O, inspiratory to expiratory ratio 1:2, FiO 2 of 0.35 and respiratory frequency adjusted to maintain end-tidal carbon dioxide tension (EtCO 2 ) 4-5 kPa. The fresh gas flow was set at 1.5 l per minute. Group 2 (ARS) patients were manually ventilated to a peak airway pressure of 40 cmH 2 O without PEEP for 10 breaths over one minute. At the end of the ten breaths, they were connected to a similar anaesthesia workstation (Narkomed 4, Dräger, Germany) and ventilated with the same standardized settings as the control group, but with the addition of 5 cmH 2 O PEEP.
To improve surgical access, all patients were placed in the reverse Trendelenburg position at 20 to 30 degrees throughout the operation. Four abdominal wall access ports were used and after carbon dioxide de (CO 2 ) insufflation, the intra-abdominal pressure was maintained at 15 mmHg. Supplementary boluses of fentanyl 1 µg/kg were given intravenously as required for analgesia. At the end of surgery, the surgeon infiltrated the surgical wound with 0.5 ml/kg 0.5% plain bupivacaine.
Patients were withdrawn from the study and appropriate measures taken in the event of: 1. a persistently high plateau airway pressure of above 30 cmH 2 O; 2. three consecutive blood pressure measurements below or above 25% of the pre-anaesthetic level that was uncorrected by a normal saline bolus of 10 ml/kg or isoflurane up to 2% respectively 3. inability to maintain EtCO 2 <6 kPa 4. a decrease in oxygen saturation (S p O 2 or S a O 2 ) to less than 90% for longer than 5 minutes despite increased FiO 2 up to 0.5. Prior to induction of anaesthesia, the arterial blood pressure, heart rate, baseline P a O 2 and P a CO 2 were obtained while the patients breathed room air. Measurements of the P a O 2 , P a CO 2 , FiO 2 , EtCO 2 , mean arterial blood pressure, heart rate, and peak airway pressure were then recorded 20 minutes after induction but before abdominal insufflation of carbon dioxide (pre-insufflation), 20 minutes after abdominal insufflation (post-insufflation), and 20 minutes after arrival in the recovery room. Adverse effects and complications were recorded. A chest X-ray was taken if there was any clinical suspicion of barotrauma.
At the end of the operation, all patients received 100% oxygen prior to tracheal extubation and were reversed with neostigmine 40 µg/kg and atropine 20 µg/kg. Continuous pulse oximetry and noninvasive blood pressure measurement at five-minute intervals were measured in the recovery room. All patients received supplementary inspired oxygen of 31% via Ventimask for the first fifteen minutes postoperatively and remained in the recovery room for at least one hour before discharge to the ward.
Rescue analgesia in the recovery room followed a standardized morphine protocol, and antiemetic medication was administered as appropriate. All patients were followed up the day after surgery to assess for adverse effects.
Parametric and non-parametric data were analysed using the Student's t-test and Chi-square test respectively. A P value <0.05 was taken as statistically significant.
RESULTS
All 12 patients enrolled in each group completed the study. There were no statistically significant differences between the groups with respect to the age, sex, ASA status, body weight, duration of operation and dose of intraoperative fentanyl administered ( Table 1 ).
The mean preinsufflation P a O 2 in the ARS group [30.16 (9.43)] was higher than in the control group [22.19 (9. 08)] (P=0.047). There was a significant difference in mean P a O 2 between the ARS [23.94 (4.87)] and control [17.26 (3. 93)] groups during the postinsufflation period (P=0.001). The P a O 2 during the pre-induction and recovery periods were similar ( Table 2) . No statistically significant difference was seen between the groups with respect to P a CO 2 , mean arterial pressure or heart rate (Table 3) .
No patient required a fluid bolus for hypotension, or experienced desaturation that required an increased FiO 2 . There were no clinically significant respiratory or cardiovascular adverse effects postoperatively.
DISCUSSION
In this study an alveolar recruitment strategy (ARS) improved intraoperative oxygenation during laparoscopic cholecystectomy following the introduction of CO2 pneumoperitoneum. However, this difference in oxygenation compared with control did not persist into the postoperative period. These results are consistent with the findings of similar studies 4, 9 . The absence of a difference between the two groups in the postoperative period may be due to the administration of 100% oxygen to both groups of patients during the reversal of anaesthesia.
Our study was conducted in patients who underwent laparoscopic cholecystectomy. It can be argued that respiratory function during laparoscopic cholecystectomy is less affected than during open cholecystectomy and therefore that a ventilation strategy is unnecessary [14] [15] [16] [17] [18] . However, patients undergoing laparoscopic cholecystectomy remain predisposed to reduced functional residual capacity (FRC) and impaired diaphragmatic activity as a result of the physiological changes of GA and impaired lung compliance and basal atelectasis caused by displacement of the diaphragm during the CO 2 pneumoperitoneum 19 . The functional vital capacity (FVC) of patients having laparoscopic cholecystectomy is reported to fall to 64% of the preoperative value two hours after the operation, while the forced expiratory volume (FEV 1 ) and P a O 2 are also significantly impaired [14] [15] [16] . These impairments were accentuated in high-risk patients such as the elderly, and patients with lung disease or obesity 17, 18 . None of our patients experienced a significant reduction in mean arterial pressure or changes in heart rate during the application of 5 cmH 2 O PEEP in the presence of an intra-abdominal pressure of 15 mmHg, and none required additional intravenous fluid to manage hypotension.
However, a limitation of this study was the lack of invasive cardiac monitoring. We measured the arterial blood pressure and heart rate as the indices of cardiovascular change. Moffa et al found that the combined application of 5 cmH 2 O PEEP and 15 mmHg intra-abdominal pressure (IAP) in sheep did not significantly change cardiac index 20 . In addition, more invasive monitoring was not applied because we wanted to simulate normal clinical practice for this type of surgery. We also recruited a relatively young and healthy population that was likely to tolerate well a small reduction in cardiac index. Further study with the appropriate cardiac measurements is required to determine whether the absence of clinical haemodynamic compromise was related to the level of PEEP used in our recruitment manoeuvre.
In the post-insufflation period our ARS group had a higher intraoperative P a O 2 than the control group. The clinical significance of this additional improvement is arguable, and it is possible that similar results would have been achieved by increasing the inspired oxygen concentration. The authors consider that ARS is likely to be of trivial value in healthy patients undergoing laparoscopic cholecystectomy. However, in the elderly, obese, and those with impaired respiratory function, the effect of an ARS during GA may be more important. In these patients lung volumes and functional reserve are more significantly reduced, and impairment in oxygenation is greater 17, 18 . Furthermore, increasing the FiO 2 may not be adequate if a large pulmonary shunt is present 21 . In addition, high-inspired oxygen concentrations may predispose to the recurrence of atelectesis and inhibition of hypoxic pulmonary vasoconstriction, causing further ventilation perfusion mismatch 3, 22 . Thus a high inspired oxygen concentration may not always be desirable or satisfactory.
Although it is possible that our strategy is also applicable to these types of patients, it should be applied with caution until further clinical evaluation with more invasive cardiac monitoring is performed. The ARS in our study appeared a useful technique, which could be used as an alternative to, or in addition to, increasing the FiO 2 in patients at risk of impaired oxygenation.
We conclude that an alveolar recruitment strategy by manual lung inflation to 40 cmH 2 O for 10 breaths over one minute, followed by 5 cmH 2 O PEEP, improves oxygenation intraoperatively in healthy patients during laparoscopic cholecystectomy. It was not associated with clinically detectable cardiovascular compromise or respiratory complications.
